Two novel copper(II) complexes, [Cu(dmamhp)(H 2 O) 2 (SO 4 )] n (1) and [Cu(dmamhp) -dimethylaminomethyl-3-hydroxypyridine] have been synthesized and structurally characterized by single crystal X-ray diffraction analysis. Compound 1 displays a double one-dimensional chains structure, in which each chain is constituted with the distorted octahedral copper(II) complex bridged through bidentate sulfate ligands resulting in a coordination polymer. The bifurcated hydrogen bonds and π-π interactions play important roles in the formation of the double chains structure. On the other hand, compound 2 adopts a distorted square pyramidal geometry around copper(II) ion and exists as a discrete monomer. There are intermolecular bifurcated hydrogen bonds and π-π stacking interactions between the monomeric units. The magnetic properties revealed that the paramagnetic behaviors are dominantly manifested and there are no intermolecular magnetic interactions in both compound 1 and 2.
Introduction
The molecular self-assembly of coordination polymers and supramolecular entities is a powerful method in the design of new materials with promising properties of potential applications such as luminescent molecular materials, and non-linear optical devices. 7 In particular, coordination polymers with multi-dimensional structures which involve molecular units bound together by several kinds of molecular interactions have been actively investigated because of their unusual properties.
8-14
We reported two copper(II) halide complexes with 2-dimethylaminomethyl-3-hydroxypyridine (dmamhp), [Cu-(dmamhp)X 2 , X=Cl, Br]. 15 The reported compounds consisted of dimeric molecules and the dimers were held together through hydrogen bonds in an unit cell. The hydroxyl group in the dmamhp ligand played an important role in forming hydrogen bonds which were directly related to crystal packing.
As a part of our continuous interest in the coordination
properties of dmamhp ligand, we synthesize two novel CuSO 4 and Cu(NO 3 ) 2 complexes with dmamhp : [Cu(dmamhp)(H 2 O) 2 (SO 4 )] n (1) and [Cu(dmamhp)(NO 3 ) 2 (H 2 O)]·H 2 O (2). Compound 1 is interesting because the sulfate ligand can form a bridge between copper(II) metal centers and generate coordination polymeric chains, and few studies have been performed on sulfate bridged coordination polymers.
16-19
The studied compounds show interesting structures by the existence of unusual bifurcated hydrogen bonds to extend the supramolecular arrangements. The magnetic properties were also investigated in this study.
Experimental
All reagents and solvents were purchased from Aldrich Chemical Company and used without further purification.
The direct reaction of CuSO . UV-vis.: 620 (nujol), 674 nm (methanol).
The IR spectra were obtained on a Perkin-Elmer FT-IR Spectrum 2000 spectrophotometer. Electronic absorption spectra were recorded at ambient temperature on a Jasco V-570 UV/vis/NIR spectrophotometer. The thermal analyses were carried out on a Mettler Toledo TGA/SDTA 851e analyzer under N 2 atmosphere at a heating rate of 10 o C/min. The X-band EPR spectra of powdered materials were recorded at 77 K on an ESP-300S EPR spectrophotometer. The field modulation frequency was 100 kHz and DPPH was used as a reference. The magnetic susceptibilities were measured on a Magnetic Property Measurement System (MPMS7) Quantum Design by SQUID method from 4 to 300 K. The susceptibility data were corrected for the diamagnetism of the constituent atoms with Pascal's constants and for the temperature-independent paramagnetism of the copper(II) ion estimated to be 60 × 10 −6 cgsu/Cu atom. X-ray intensity data were collected on a Bruker SMART APEX-II CCD diffractometer using graphite monochromated Mo Kα radiation (λ = 0.71073 Å). Structure was solved by applying the direct method using a SHELXS-97 and refined by a full-matrix least-squares calculation on F 2 using SHELXL-97. 20 All non-hydrogen atoms were refined anisotropically. The H atoms on oxygen except H7 in compound 1 were located in a difference map and refined freely. The other H atoms were positioned geometrically and refined using a riding model, with C -H = 0.93-0.97 Å, and with U iso (H) = 1.2U eq (C) for aromatic and methylene, 1.5U eq (C) for methyl H atoms and 1.5U eq (O) for H7 atom in compound 1 with O -H = 0.82 Å.
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were grown up from water and ethanol solution, respectively. The ORTEP views including the atomic numbering scheme are shown in Figure 1 (a) and 1(b) for compound 1 and 2, respectively. The crystallographic data and structure refinement parameters are summarized in Table 1 . The selected bond distances and bond angles are summarized in Table 2 .
In compound 1, the geometry around Cu atom is a distorted octahedron which is surrounded by two nitrogen atoms (N1 and N9) from the bidentate dmamhp ligand and two oxygen atoms (O1W and O2W) from water and two oxygen atoms of sulfate anion at the trans position. The axial Cu(II)-O14 and Cu(II)-O12 bond lengths are 2.603 and 2.583 Å, respectively, which are longer than those of the equatorial Cu(II)-O1 and Cu(II)-O2 of 1.991 and 1.967 Å, respectively. This observation is understood by Jahn-Teller distortion in Cu(II) complexes having a d 9 electron configuration. The interesting feature of compound 1 is its novel double one-dimensional chain structures which are parallel to each other along b axis of the unit cell in molecular packing diagram, as shown in Figure 2 . The distorted octahedral copper atoms are bridged by the sulfate anion resulting in an one-dimensional chain. The planar pyridine rings are located nearly parallel to the equatorial plane of Cu(II) center and perpendicular to the chain extension direction. In the double chains structure, each dmamhp ligand on a mono-chain is inserted into the interspaces between the closest two dmamhp ligands of the other monochain. Obviously, such double chains structure in compound 1 results in that all molecular planes of dmamhp are nearly parallel to each other. These are linked by the intermolecular π-π interactions (centroid-centroid distances = 3.561-3.661 Å) between the C4-C5-C6 planes of aromatic rings. Additionally, there are two types of hydrogen bonding interactions in compound 1 (dashed line in Figure 2) . The rare bifurcated hydrogen bonds 21, 22 are observed between waters and O atoms of sulfate. The -OH group of dmamhp ligand also forms hydrogen bond with O atoms of sulfate. The hydrogen bond distances and angles are summarized in (5) 167 (8) 115 (6) 161 (8) 171 (6) 161 (8) 157.7
O7-H7…O2W Table 3 . The hydrogen bonding interactions give rise to a supramolecular network having well-defined channels. Both π-π interactions and various hydrogen bonds stabilize the molecules and play important roles in formation of double chains structure. The Cu(II) metal ion in compound 2 adopts a distorted square pyramidal geometry, being coordinated by the bischelating N-heterocyclic dmamhp ligand, two O atoms from two nitrate ions and one water, as shown in Figure 1(b) . There is one uncoordinated water molecule in the crystal lattice. In the crystal, the intermolecular O-H…O hydrogen bonds link the molecules into a two-dimensional array parallel to the ab plane (Table 3 and Figure 3) . A molecular packing diagram in Figure 3 shows the intermolecular hydrogen bonding interactions (dashed lines). Also, there are intermolecular π-π interactions between aromatic rings. The distance between the centroids of C3-C4-C5 planes is 3.577 Å. The water bound to Cu(II) metal forms bifurcated hydrogen bonds with O atoms of nitrate ions. The hydroxyl group of dmamhp ligand also forms a hydrogen bond with free water molecule.
Thermal and Magnetic Properties. Thermogravimetric (TG) analysis revealed that the thermal decomposition of compound 1 was initiated between 141 and 161 o C by weight loss of 9.46% corresponding to the loss of two coordinated water molecules (calc. 10.36%). There was further ~36% weight loss decomposition at 253- , were 1.91 and 1.92 μ B for compound 1 and 2, respectively, which were higher than that of spin only value of single copper(II) ion with S = 1/2 (μ eff = 1.73 μ B ) system.
Conclusion
Two copper(II) complexes, [Cu(dmamhp)(H 2 O) 2 (SO 4 )] n (1) and [Cu(dmamhp)(NO 3 ) 2 (H 2 O)]·H 2 O (2) have been synthesized, and structurally and magnetically characterized. These compounds possess the bifurcated hydrogen bonds and π-π stacking interactions which stabilize the molecule frameworks. Compound 1 has double one-dimensional chain networks which are parallel to each other and form a coordination polymer. The hydrogen bonds give rise to a supramolecular network having well-defined channel. The compound 1 and 2 follow Curie-Weiss behavior with the small Curie-Weiss temperature suggesting that there are no significant magnetic interactions between the magnetic orbitals of Cu(II) atom. The studied compounds act as isolated paramagnetic systems.
